Background: There is a growing evidence of the impact of the current European economic crisis on health. In Spain since 2008 there have been increasing levels of impoverishment and inequality, and important cuts in social services, including per capita spending on healthcare.
Introduction
WHO established in 2006 that optimal foetal development should be considered an essential factor in social development and should be seen as an integral aspect of societal development (WHO, 2006a) . Optimum foetal development has been defined (WHO, 2006a) as the state at birth which guarantees the survival of the neonate and an adequate development throughout the neonatal transition and infancy, such that there are no negative effects on the individual's life-course. The conditions which guarantee the optimal foetal development include all the maternal and environmental conditions which allow "the potential mother to be in a good state of physical and emotional health both prior to and during her pregnancy" (WHO, 2006a: 10) . Weight at birth, together with foetal and neonatal viability and gestational age, is an important indicator for the quality of foetal development and an excellent predictor for immediate morbiditymortality and health throughout the life course (McIntire et al., 1999; Barker et al., 2002; Gluckman et al., 2008) . Weight at birth is a complex phenotype resulting from the interaction between maternal, paternal and foetal genetics, epigenetics, and the environment (Lampl et al., 2010) . However, the persistence of socioeconomic and health inequalities even in developed countries (in education, employment and resources, lifestyles, nutrition and healthcare access, hygienic and environmental conditions) continues to determine clear differences in perinatal health indicators (Rutter and Quine, 1990; Kogan, 1995; Kramer et al., 2000; Spencer, 2003; Wood, 2003; Aizer and Currie, 2014) , differences that may become wider in periods of economic recession.
The financial crisis that has been affecting the global economy since the summer of 2007 has no precedent in post-war European social and economic history (Van den Noord and Székely, 2011) . Recent findings reveal the immediate impact of the economic crisis on health inequality, on changes in healthcare systems and on specific aspects of population health in Europe (Cooper, 2011; Karanikolos et al., 2013; Stuckler et al., 2009; WHO, 2013) , although Ásgeirsdóttir et al. (2014) concluded that the economic crisis may also lead to a reduction in health compromising behaviours.
Spain is among those European countries most directly affected by the international financial crisis, the so-called "stressed countries" (in addition to Spain: Italy, Greece, Ireland, Portugal and Slovenia among the EU-28 members). The Spanish population is suffering increasing levels of impoverishment and inequality (EUROSTAT, 2014; OECD, 2014 OECD, , 2015 . The Spanish government has confronted the crisis with a severe programme of labour reforms and cuts in social services, including per capita spending on healthcare since 2009 (Legido-Quigley et al., 2013) that is deeply affecting the social determinants of health in Spain . At the same time, some regional governments have imposed additional budget cuts, which have led to an unprecedented increase in territorial disparities on social protection systems (Fundación BBVA, 2015) .
According to official figures and latest available data (INE, 2015; Eurostat, 2015) , in the first trimester of 2015 Spain registered the second highest (after Greece) unemployment rate among the EU-28 countries (23.8 %), more than three times greater than the OECD average (OECD, 2015) . Spain is among the five EU-28 countries with the highest income disparities, with a Gini coefficient of 34.7 in 2014. The AROPE (people At-Risk-Of Poverty or Social Exclusion) rate stood at 29.2% in 2014 (five points higher than the EU average), affecting over 13.6 million people. By age group, the highest rate of AROPE (35.4%) corresponds to the less than 16 years old group, as UNICEF (2014) emphasises. The AROPE rate refers to the situation of people either at risk of poverty, or severely materially deprived or living in a household with a very low work intensity.
In Spain the relevant increase of the AROPE rate in the period 2009-2013 was due mainly to the third component of this indicator, the growth of households with low density of work which had more than doubled between (Llano-Ortiz, 2015 . In 2015 one in ten households (1.8 millions) had all work-capable members unemployed, always according to official information. The social situation continues to deteriorate despite recent macroeconomic improvement.
According to official figures (Ministerio de Hacienda y Administraciones Públicas.
2015)
, reduction in public health budgets was 16.5% (10 000 million euros) between 2009 and 2013. Spanish health care professionals perceived that quality of health care had become worse and health outcomes had deteriorated since the beginning of the crisis as a result of austerity measures and restrictions introduced on the universal coverage and free access principles (Cervero-Liceras et al., 2015) . The impact of the crisis on different aspects of health (mental health in particular) and on high-risk sectors of the Spanish population (such as immigrants) has already been well documented (Agudelo-Suárez et al., 2013; Gili et al., 2013; Barbaglia et al., 2014; Bartoll et al., 2014; Robert et al., 2014) . As in other European countries (De Vogli et al., 2013) , the economic crisis has already been associated with a relative increase in suicides (López-Bernal et al., 2013; Miret et al., 2014) , as well as with a widening in socioeconomic inequalities in mortality (Maynou et al., 2014) . Local studies confirm a dramatic increase in infant and child poverty and malnutrition since the beginning of the economic crisis determined by the worsening of family living conditions and basic services restrictions (Rajmil et al., 2013) .
The impact of the economic crisis on pregnant women and birth outcome is less well studied. Recent research carried out in European countries particularly hard hit by the crisis (Ireland and Greece) has started to detect some evidence of a negative impact of recession on foetal development (Carolan-Olah and Barry, 2014; Vlachadis and Kornarou, 2013) . However, confirmation of the negative impact of the economic crisis on foetal development is complicated by the fact that negative trends of birth outcome indicators were detected in European countries during the decade of sustained economic growth preceding the current crisis, which have been explained as the consequences of changes in the profile of the mothers and increasing obstetric intervention rates (EURO-PERISTAT Project with SCPE and EUROCAT, 2013) . In this context, throughout the two decades prior to the economic crisis Spain registered the greatest increase in low birth weight (LBW, births with a birth weight under 2,500 g) among the European countries (OECD, 2012), with no parallel increase in preterm births (babies born alive before 37 weeks of pregnancy), as occurred in other countries (Zeitlin et al., 2013) . At the same time, a substantial reduction in late foetal and very early infant deaths (less than 24 hours) was achieved (Ministerio de Sanidad, Servicios Sociales e Igualdad, 2012). described a decrease in mean birth weight both in single and multiple births of Spanish mothers since 1996, followed by a slight recovery in the years preceding the economic crisis, as confirmed by Fuster et al. (2013) . Despite the fact that these trends can complicate the analysis and interpretation of a possible negative impact of the economic crisis on birth outcomes in Spain, new data from recent analysis support this possibility. Juárez et al. (2014) showed increased inequalities in birth outcome in Andalusia, according to maternal education over the first years of the economic crisis.
Following this preliminary evidence, the hypothesis of this paper is that the economic crisis is having a negative impact on birth outcome in Spain which cannot be merely explained as a continuation of the birth weight trends described during the previous 5 years of economic growth. This potential impact of the economic crisis on pregnant women and birth outcome may come about as a combination of maternal and environmental factors at individual, family and community levels through a reduction in material resources, deteriorating environmental conditions and increased psycho-social stress (Zilko, 2010) .
Material ad methods
An unambiguous definition of normal foetal growth remains a challenge (Zhang et al., 2012) . Low birth weight (LBW, less than 2.500 g, all gestational ages and both sexes considered) is the most used indicator of perinatal health, as it is relatively easy to measure and there are reliable international references. However, the use of LBW has some limitations, as birth weight is determined both by gestational age and the rate of foetal growth (Wollman, 1998; Kramer et al, 2000; Datta Gupta et al., 2013) . As growth is a progressive process, an infant may weigh less than 2 500 g at birth either because he/she is born too early (preterm birth) or because he/she was small for his/her gestational age, which is used as a proxy for intrauterine growth restriction. As Kramer (1987) indicated, the determinants and health consequences of gestational age (prematurity) are quite different from those of foetal growth (intrauterine growth restriction, IUGR).
To avoid these difficulties this study proposes the use of the WHO Child Growth Standards (WHO, 2006b) for evaluating foetal growth through the variable underweight at birth. The WHO Standards established in 2006 by WHO Multicentre Growth Reference Study Group have been adopted by Spain, among more than one hundred countries (de Onís et al., 2012) . The WHO Standards consider underweight at birth those neonates whose weight is -2 SD from the median weight at birth for each sex, in single births with a gestational age from 37 to 41 complete weeks. According to the United States National Institutes of Child Health & Human Development (Spong, 2013 this gestational age range includes 'early term' (37 and 38 weeks and 6 days), 'full term' (39-40 weeks and 6 days) and 'late term' births (41-41 weeks 6 days).
Underweight at birth for term neonates corresponds to under 3 rd percentile, which is a suitable epidemiological indicator of increased risk of morbid-mortality at birth and throughout the life-cycle which derives directly from IUGR (Kramer, 1987) . It also allows the assessment of secular trends and intra-population variability in birth weight 6 (Wilcox, 2001) according to a recognised international reference, a methodological matter of concern until now ( Goldenberg et al., 1997) . Furthermore, the cut-off points for underweight at term birth established are different for each sex (2500 gr for male neonates and 2400 for females), allowing for an evaluation of sex differences in response to maternal conditions and socioeconomic changes affecting foetal development (Stinson, 1985) .
Data analysed in this study came from the Spanish Statistical Bulletin of Childbirth (BEP, Boletín Estadístico de Parto), the compulsory civil registration of all births whatever the nationality or legal status of residence of the parents. Validation studies have concluded that data provided by the Spanish birth certificate are quite reliable when compared with hospital birth statistics (Juárez et al., 2012; Río et al., 2010) , although misreporting is significantly higher among immigrants, particularly in gestational age and birth weight. The three main groups of immigrant mothers in Spain (Latin-American, Maghreb, and Eastern European women) have very different lifestyles, cultural practices, nutritional behaviour and genetic heritage, requiring a specific analysis on differences in birth outcome compared with Spanish mothers. Furthermore, previous analyses (Varea et al, 2012; have confirmed that immigrant mothers maintained better trends in birth weight (and a lower prevalence and risk of LBW) than the Spanish mothers despite having higher rates of preterm deliveries. Due to these reasons, immigrant mothers and their newborns have been excluded from the present analysis. However, it should be mentioned that 3.3% of the Spanish mothers were originally immigrants that obtained Spanish citizenship in the period 2007-2012 (previous to 2007 there is no information on when the mother obtained Spanish nationality, at birth or, as immigrants, later).
The new variable underweight at birth was created for term (37-41 weeks) neonates for each sex born in the period 2003-2012 from the original variables gestational age and birth weight. According to this criterion, analysis in this study corresponds to 2 933 485 single, term live births born to Spanish mothers in the period 2003-2012 (1 753 789 neonates were excluded).
A preliminary seasonal decomposition analysis on total prevalence of underweight at birth by month during the period 2003-2012 was performed in order to detect any temporal trend in the data. No systematic seasonal variations were detected. Trends in the prevalence of underweight at birth by month and year of birth both for the original series and for the smoothed trend-cycle components and seasonally adjusted series are shown.
Second, we carried out a descriptive analysis of the prevalence of underweight at birth during the period of study according to maternal and foetal characteristics. Maternal and foetal independent variables at the individual level analysed were those available in both the previous (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) territorial socioeconomic disparities as well as the differential impact of the economic crisis by regions since 2008 (Méndez et al., 2015) . Finally, Gini coefficient is the most commonly used indicator of intra-population income inequality.
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The lack of monthly data for these economic indicators in Spain does not allow us to perform an analysis of the timing of exposure to economic fluctuations by trimesters of pregnancy as Bozzoli and Quinta-Domeque (2014) recommended. Consequently, annual values of these economic variables have been assigned to each baby born in a given year. Analyses described below have been duplicated for month (year) of conception, and new variables calculated from month of birth and gestational age. No significant differences have been found.
Two logistic binomial regressions have been performed to evaluate the impact of the economic crisis on underweight at birth: (a) three crude models for each economic variable on risk of being born with underweight at birth; and (b) an adjusted model including the three economic variables and as covariates the maternal and foetal variables indicated above as well as-to improve the model-year of birth, paternal occupation, and gestational age (continuous). According to the previous descriptive analysis, reference category in each covariate was the group with the lower prevalence of underweight at birth. Previous univariate and bivariate logistic regressions performed confirmed that all independent variables were predictors of underweight at birth risk, and that there were no significant interactions on underweight at birth risk among them. Figure 1 shows the trend in the prevalence of underweight at birth by month and year of birth, both for the original series and for the estimated trend component on a seasonally adjusted series (see Table I Table I describes the analysed population according to selected maternal and newborn characteristics for the period 2003-2012 and the prevalence of underweight at birth for each category. Spanish mothers were predominantly highly qualified professionals and administrative employees (almost half), over half between 28-34 years old and one third over 34 years old, urban dwellers (fewer than 20% were living in towns with less than 10 000 inhabitants) and primiparous (55.42%). The highest rates of underweight at birth were among neonates of mothers under 20 years old (3.39%), with less qualified jobs and housewives (2.79 and 2.78%, respectively), living in cities of over 100 000 inhabitants (2.62%), and primiparous (2.72%). Male newborns showed higher prevalence of underweight at birth than females (2.51 and 2.29%, respectively). Figures 2 to 6 (and Table I Table II and III show the odds ratio (OR) and 95% confidence intervals (95% CI) of the crude and adjusted logistic binomial regressions performed for evaluating the impact of each of the three economic variables: Year-on-year GDP growth (per capita),
Results
Year-on-year Household Income (per capita) and Gini coefficient on underweight at birth. In the first three crude models performed (Table II) Categories of reference were those with lower prevalence of underweight at birth in 2003-2012: professional, 28-34 years old, multiparous and rural mothers, and female newborns. Maternal age showed a "U" shaped relationship with underweight at birth, with a higher risk of underweight at birth among newborns of mothers under 20 years old and over 34 years old compared with 28-34 year old mothers. The risk of being born with underweight at birth increased significantly compared with professionals as the quality of maternal employment decreased, being higher among newborns of unskilled (OR=1.331; 95% CI=1.260-1.364) workers and housewives (OR=1.369; 95% CI=1.332-1.408); student mothers being the only group showing no significant differences with highly qualified mothers. Finally, the odds of underweight at birth increased as size of place of residence of the mother increased to over 10 000 inhabitants when compared with newborns in rural areas and small towns.
[ 
Discussion
The present study attempts to detect the impact of the current financial crisis on the foetal development and birth outcome of neonates born in Spain between 2003 and 2012. With this aim, we have evaluated the temporal change and intra-population variability of underweight at birth in singleton term neonates of Spanish mothers as an indicator of intrauterine growth restriction, calculated separately for both sexes and term newborns according to the WHO Child Growth Standards (WHO, 2006b) . Results have shown a sharp increase in the first years of the economic crisis ( Figure 1) . Certainly, the global prevalence of underweight at birth increased during the period of economic growth before the crisis, from 2.12% in 2003 to 2.44 in 2007, an increase of 15.09% in a five-year period. However, the prevalence of underweight at birth increased 12.87% between 2007 and 2008 alone, from a prevalence of 2.33% to 2.63% (see Table I in the Appendix). Underweight at birth prevalence remained stable at around 2.6% during the first five years of economic crisis. More relevant, this trend is shown by all maternal and foetal categories considered (Figures 2 to 7) , even those with the least prevalence before the crisis, in particular, female newborns and newborns of multiparous mothers.
The intrapopulation differences in the prevalence of underweight at birth preceding the onset of the economic crisis increased from 2008 onwards. We have performed a sensitivity analysis (Youden Index) to find a cut-off point in the temporal trend of prevalence of underweight at birth. As predicted, the sensitivity analysis establishes a threshold in 2007-2008, coinciding with the onset of the international economic crisis.
These results could be explained at two levels: first, at a population level, the crisis might determine changes in the socio-demographic profile of women that become mothers, with an increasing predominance of mothers at higher gestational or obstetrical risk; and second, at an individual level, the crisis might affect foetal development and birth outcome through direct worsening of living conditions and increased maternal stress during pregnancy. Although the Spanish birth certificates analysed here offer no information for evaluating maternal stress levels or socioeconomic situations aside from employment, results provide several clues for both possibilities. Among the Spanish mothers, the economic crisis is also accelerating pre-crisis trends in the socio-demographic profile of women who become mothers, specifically in relation to their age and occupation. Throughout the XXI Century, Spanish mothers have predominately become primiparous with an increasing mean age at first maternity (and mean age at maternity), reaching 31.06 years old in 2014 (INE, 2015) . Delayed maternity, especially if associated with primiparity, increases the risk of negative pregnancy outcomes as well as of obstetric intervention, as our analysis of Spanish hospital data has confirmed . considered that the reduction in mean birth weight in descendants of Spanish mothers described before the crisis was the consequence of changes in the distribution of gestational age among term newborns, with a significant increase in births born at 37 and 38 weeks, and a decrease in those born at ≥39 weeks. Similar changes in the distribution of gestational age at birth in other developed (Davidoff et al., 2006) , and developing (Murta et al., 2006) , countries have been explained by an increase in obstetric interventionism (induced vaginal deliveries or Caesarean sections) originally intended to reduce foetal distress and mortality but currently extensively used in low-risk deliveries (Joseph et al., 2002) . These trends of an increasing contribution of risk profile women, and high and growing obstetric interventionism have been proposed to explain the rises in prematurity and LBW rates described in European countries before the crisis (OECD, 2012; EURO-PERISTAT Project with SCPE and EUROCAT, 2013) , and may also be contributing to the increasing incidence of underweight at birth both before and during the crisis. Certainly, our results showed that the prevalence and adjusted risk of being born with underweight maintained a "U" shaped curve with maternal age, with extreme ages of motherhood (adolescents and those over 34) being associated with adverse outcomes of pregnancy, as also occurs among primiparous mothers when compared with those who are multiparous. All births considered, during the period analysed here, the category of Spanish mothers over 34 years old increased from 28.86% in 2003-2007 to 36.62% in 2008-2012 (χ 2 =27 847.624, df=3, p<0.001) . But on the other hand, Spanish mothers are actually mainly qualified women, a profile which is correlated with greater stability and resources, and maternal education, which affects birth outcome more clearly than employment (Voigt et al. 2014) , perhaps through better prenatal care (Nastis and Crocker, 2012) . Although very discreetly, from 2008 onwards primiparity reversed the rising trend it had maintained during the previous decade (from 54.93% in to 52.69% in 2012: χ 2 = 3167.499, df=1, p<0.001), perhaps as a consequence of the growing contribution of wealthy women to national childbearing, who are now the predominant group among multiparous mothers. In summary, the economic crisis is strengthening previous trends that may have both positive and negative effects on birth outcome.
Yet, the economic crisis could also affect birth outcomes both directly (through worsening living conditions and reduced access to health and social services) and indirectly (through increased stress and lower self-esteem), both pathways contributing to an increased risk of harmful behaviours (Rutter and Quine, 1990) . The Spanish birth certificate of the period analysed here offers no information for evaluating maternal socioeconomic circumstances or stress levels, aside from employment. We have incorporated in the analyses exogenous economic indicators associated with each birth.
In the crude logistic regression models performed to assess the possible impact of the economic crisis on birth outcome (Table II) , the three macroeconomic indicators selected were all significantly associated with the risk of being born underweight.
However, in the fully adjusted model only GDP per capita remained a significant risk factor for underweight at birth among the economic indicators (Table III) . The fact that the significant association between GDP per capita and risk of underweight at birth remained in the fully adjusted model seems to indicate an early and widespread impact of the economic crisis from its onset. Year-on-year regional Gross Disposable Income of Households per capita and Gini coefficient lost their predictive value on the dependent variable, the risk of being born with underweight. Both economic indicators are exogenous variables (regional and national levels, respectively) associated to each birth, and probably their inclusion in the adjusted model of the individual maternal variables better captures socioeconomic differences and their possible impact on birth outcome, particularly maternal employment. Certainly, maternal employment status should better express the direct impact of the economic crisis than macroeconomic indicators through worsening living conditions and psychological impact, particularly among pregnant women belonging to the most disadvantaged segments of society.
Quality of employment expresses social differences in qualifications (educational level) and income, which are in turn determining factors of differences in access to health and social resources. Dooley and Prause (2005) described that, after adjusting for gestational age and maternal weight gain, maternal employment deterioration in American women was significantly associated with a decrease in birth weight through reduced intrauterine growth. Compared with the mothers of highest employment status (professionals), the ORs of underweight at birth increased as working conditions (stability and qualification) worsened. However, the highest OR was observed among housewives, probably most of them unemployed women, as the Spanish birth certificate does not include this category in the questionnaire to fill in. Thus, the relative increase in the prevalence of underweight at birth among newborns of unskilled workers and housewives-the maternal categories that also had the highest pre-crisis prevalencewas almost twice (around 20%) that among those of the professional women.
Housewives maintained an incidence and a risk of underweight at birth as high as those of the less favourable employment categories, as they are usually in charge of managing the family budget and have to face up to the deterioration of the domestic economy caused by recession (UCL Institute of Health Equity, 2012). In contrast, students were the only occupational group showing no significant differences with professional mothers in the risk of delivering underweight babies. This group of mothers might be less affected by stress as they are not in regular employment and have alternative sources of economic support, despite being very young mothers (mean age of 22.93 years old, n=26 034, sd=5.04).
The prevalence of underweight at birth increased in all maternal and foetal categories from 2008 onwards, even in those with the least prevalence before. For example, the absolute prevalence and adjusted risk of underweight at birth was always greater for male neonates than for females, an effect that is often ascribed to the greater sensitivity of males to environmental conditions (Stinson, 1985) ; however, the prevalence of underweight at birth increased in both sexes between 2003-2007 and 2008-2012 periods, even more so in female (19.61%) than in male (16.03%) newborns (see Table I Appendix). The same is true for parity-with a similar increase (over 16%) for newborns of primiparous and multiparous mothers. These examples highlight a generalised and acute impact of the economic crisis on Spanish society. Similar findings were described by Astell-Burt and Feng (2013) in the United Kingdom, probably as a result of the stress caused by increased social and job insecurity as Catalano et al. (2011) suggest. After a period of economic prosperity, from 2008 onwards the Spanish population has undergone an unexpected and extended period of psychological uncertainty affecting almost all social sectors, irrespective of any immediate or substantive decline in living conditions (Ortega, 2012; Banco de España, 2014) . Birth outcome is associated with perceived rather than objective stressful life events (Hedegaard et al., 1996) , and the wide and immediate increase in underweight at birth may be expressing this psychological effect of the economic crisis on gestation before any material impact among mothers belonging to the most vulnerable sectors.
Recent reviews examining, at the aggregate-level, the effects of psychosocial stress on the risk of negative perinatal outcomes (low birth weight and preterm deliveries) generated results that remain inconclusive due to methodological discrepancies (Catalano et al., 2011; Littleton et al., 2010; Zilko, 2010) . Nevertheless, individual-level studies have documented the association between birth outcomes and maternal psychological stress, ranging from chronic anxiety and depressive symptoms to acute stressors, and determined by both pregnancy-specific and general life event anxiety (Mulder et al., 2002; Torche, 2011) . Potential pathways through which the experience of psychosocial stress by the mother may lead to negative perinatal outcomes have been proposed. Duthie and Reynolds (2013) reviewed emerging data from human studies linking lower birth weight and shorter gestational age at delivery with dys-regulation of the maternal hypothalamic-pituitary-adrenal (HPA) axis (i.e., increased transfer of glucocorticoids from mother to foetus). The impact of maternal stress on birth outcome may also operate indirectly on birth outcomes through increased negative health practices such as addictive behaviours, reduced antenatal care, and unhealthy or insufficient maternal nutrition (Sheehan, 1998) . Placental corticotrophin-releasing hormone CRH secretion is stimulated by the maternal pituitary-adrenal stress hormones ACTH, beta-endorphin, and cortisol (Wadhwa et al., 1997) . The prevalence of preterm deliveries is clearly associated with maternal stress through increased levels of maternal plasma concentrations of CRH, which is involved in the timing of parturition (see the revision by Wadhwa et al., 2011) .
In contrast, studies on the association between maternal exposure to stressors and birth weight have yielded mixed results, the relationship being stronger when multiple exposures interact to affect foetal growth (Paarlberg et al., 1993) . Based on their own analysis of Brazilian women and other studies, Rondó et al. (2003) concluded that maternal stress affects birth weight by shortening gestational age, but does not determine intrauterine growth restriction (IUGR). Other studies (e.g., Evans et al., 2007) considered that the direct impact of maternal stress on birth weight disappears after controlling for confounding factors (unhealthy behaviours). Maternal stress has been considered the most important determinant of gestational length (and prevalence of preterm deliveries and LBW) in the first trimester of gestation, while foetal growth (and the prevalence of intrauterine growth restriction) depends more on resources and material conditions-particularly maternal nutrition-in the third trimester (Bozzoli and Quinta-Domeque, 2014) . According to this hypothesis, maternal physiology would dampen the negative consequences of stress as pregnancy progresses, with little impact in the final stage of pregnancy (de Weeth and Buitelaar, 2005) . However, studies analysing the stage of gestation at which stress is more critical have generated inconsistent and somewhat equivocal results (Eskenazi et al., 2007) . Levels of maternal plasma CRH in the early part of the third trimester of pregnancy were also significantly associated with intrauterine growth restriction at term after controlling for the effects of other obstetric risk factors associated with IUGR (Wadhwa et al., 2004) . In addition, results from Henrichs et al. (2010) suggested that the impact of maternal stress on foetal growth is even stronger in the last trimester of pregnancy, when foetal growth is essentially affected more by maternal and intrauterine environments than by genetic factors (Styne, 1998; WHO, 2006a) . These results seem to confirm that maternal stress affects not only the physiology of parturition but also foetal growth and maturation, probably by compromised uteroplacental perfusion (Teixeira et al., 1999) and excessive foetal exposure to maternal glucocorticoids (Challis et al., 2001) .
Further analysis should clarify why the economic crisis in Spain is affecting maternal conditions and gestation by reducing weight at birth-as our results seem to confirmbut not timing of birth, as could be expected considering that the economic recession was affecting maternal conditions and birth outcomes in both ways and in different stages of gestation. Kramer (1987) stated that determinants of preterm birth and foetal growth retardation are different, and Wadhwa et al. (2004) have proposed that increased levels of maternal plasma concentrations of CRH determined by maternal stress have separate and distinct roles in processes related to the timing of delivery and foetal growth depending on the chronicity of the stressor.
Conclusions
In this article we have analysed one aspect of the so-called "biology of social adversity" (Boyce et al., 2012) , the possible impact of the current international economic crisis on foetal development in Spain, by analysing secular trends and intrapopulation variability in underweight at birth. We used a very stringent marker of intrauterine growth restriction, including only term singleton newborns with birth weights under the 3 rd percentile (Usher and McLean, 1969) . Our conclusion is that the greater increase in the prevalence and risk of underweight at birth since 2008 compared with the previous period of economic growth, and in all maternal and foetal categories analysed, confirm the widespread impact of economic recession on Spanish society, which cannot be explained just as a continuation of pre-crisis trends in reproductive behaviour and maternal profile. Social and economic inequalities in poor pregnancy outcomes persisted in Spain in the years preceding the economic crisis (García-Subirats et al., 2012) , and it was to be expected that the current situation had widened this gap. This impact probably occurs through the combination of increased psychosocial stress-even in the better-off strata-and worsening socioeconomic conditions, although our data do not allow us to go further into the mechanisms affecting maternal environment and birth outcomes, as the information offered by the Spanish birth certificate is limited.
Furthermore, we are also aware that analyses undertaken and their results can only demonstrate an association (not directionality or causality) between socioeconomic factors and birth outcomes in Spain. Further population studies which collect detailed information about epigenetic and metabolic modifications, as well as a wider range of maternal characteristics, social factors and subjective perceptions of women who have given birth will allow us to confirm the impact of the crisis on foetal development suggested by our results, and the mechanisms operating therein. Meanwhile, there is already clear evidence that the impact of the economic crisis on the European populations is modulated by the degree of social development and cohesion of the country, and by the governmental policies adopted in response to the crisis and preserve public welfare (Kaplan, 2012; Karanikolos et al., 2013; Suhrcke et al., 2009) . Studies have confirmed that adequate emotional and social support during pregnancy acts as a buffer of the material and psychological impact of adverse economic conditions on foetal growth (Aarts and Vingerhoets, 1993; Hoffman and Hatch, 1996; Feldman et al., 2000; Da Costa et al., 2000) , even more efficiently than resources (Rini et al., 1999) .
The results seem to point to a worsening of maternal and gestational conditions with wide impact and the potential for long-term consequences. According to the "foetal programming hypothesis" (Barker, 1998) , adverse living conditions of pregnant women, both material and psychological, have enduring consequences on foetal growth as well as persisting and long-term consequences later in life due to permanent changes in utero in the vascular, metabolic and endocrine systems. Moreover, evidence of a significant intergenerational effect of a negative exposure in utero have emerged over the last 25 years (Cameron, 1996) . Especially in times of crisis, the consideration by WHO (2006a: 9-10) should be remembered: "By taking steps to promote optimal foetal development, it should be possible to improve outcomes not just for early survival but also for later survival, morbidity and other measures of human capital, which in turn, will lead to improved social and economic health and well-being. In other words, investment in the ability of all mothers to carry a healthy pregnancy will not only have immediate personal and social benefit, but also cumulative benefit for personal and social health and development over many decades."
